Visna virus is a retrovirus which replicates in fibroblast-like cells of the sheep choroid plexus through a lytic cycle. Visna virions contain three major lowmolecular-weight proteins (p30, p16, and pl4) which, together with the genomic RNA and several molecules of reverse transcriptase, constitute the core structure of the virions. The core is surrounded by an envelope containing a major glycoprotein (gp135). By analogy with the oncoviruses, these three groups of structural proteins (i.e., the internal proteins, the envelope glycoprotein, and the reverse transcriptase) are probably encoded by the gag, env, and pol genes, respectively. To elucidate the genetic organization of the visna virus genome and its expression, we studied the synthesis of viral proteins in infected sheep choroid plexus cells. Intracellular viral proteins were detected by immunoprecipitation of pulse-labeled cell extracts with monospecific sera raised against p30, p16, and gp135 and resolution of the proteins by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Immunoprecipitation with anti-p30 and anti-p16 sera allowed the characterization of the 55,000-dalton polypeptide precursor to internal virion proteins p30, p16, and p14 (Pr55Sag). Tryptic peptide mapping confirmed the precursor-product relationship between Pr55Far and the three internal proteins. In addition, a gag-related polypeptide of 150,000 daltons was also detected. This polypeptide, which was less abundant than Pr55sag, is a likely precursor to the viral reverse transcriptase (Pr150gageP,I). Pr55gag and Pr1505agrP°are not glycosylated. The precursor related to major envelope protein gp135 is a glycosylated polypeptide with an average molecular weight of 150,000 (gPrlS0env). Pulse-chase experiments indicated that gPrlSOenv matures into glycoprotein gp135 intracellularly; however, gp135 was never preponderant in cell extracts. The non-glycosylated form of gPrlSoenv, which accumulated in the presence of 2-deoxy-D-glucose, appeared as a polypeptide of about 100,000 daltons. These results indicated that visna virus codes for the largest non-glycosylated env-related precursor among all of the retroviruses and therefore probably contains the largest env gene.
Visna virus is a retrovirus which replicates in fibroblast-like cells of the sheep choroid plexus through a lytic cycle. Visna virions contain three major lowmolecular-weight proteins (p30, p16, and pl4) which, together with the genomic RNA and several molecules of reverse transcriptase, constitute the core structure of the virions. The core is surrounded by an envelope containing a major glycoprotein (gp135). By analogy with the oncoviruses, these three groups of structural proteins (i.e., the internal proteins, the envelope glycoprotein, and the reverse transcriptase) are probably encoded by the gag, env, and pol genes, respectively. To elucidate the genetic organization of the visna virus genome and its expression, we studied the synthesis of viral proteins in infected sheep choroid plexus cells. Intracellular viral proteins were detected by immunoprecipitation of pulse-labeled cell extracts with monospecific sera raised against p30, p16, and gp135 and resolution of the proteins by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Immunoprecipitation with anti-p30 and anti-p16 sera allowed the characterization of the 55,000-dalton polypeptide precursor to internal virion proteins p30, p16, and p14 (Pr55Sag). Tryptic peptide mapping confirmed the precursor-product relationship between Pr55Far and the three internal proteins. In addition, a gag-related polypeptide of 150,000 daltons was also detected. This polypeptide, which was less abundant than Pr55sag, is a likely precursor to the viral reverse transcriptase (Pr150gageP,I). Pr55gag and Pr1505agrP°are not glycosylated. The precursor related to major envelope protein gp135 is a glycosylated polypeptide with an average molecular weight of 150,000 (gPrlS0env). Pulse-chase experiments indicated that gPrlSOenv matures into glycoprotein gp135 intracellularly; however, gp135 was never preponderant in cell extracts. The non-glycosylated form of gPrlSoenv, which accumulated in the presence of 2-deoxy-D-glucose, appeared as a polypeptide of about 100,000 daltons. These results indicated that visna virus codes for the largest non-glycosylated env-related precursor among all of the retroviruses and therefore probably contains the largest env gene.
Visna virus, the prototype of the lentivirus group of the Retroviridae, contains a genome of two RNA molecules with nearly identical sequences, each 10 kilobases long (4, 28, 29) . Three low-molecular-weight non-glycosylated proteins (p30, p16, and p14) constitute the core, and one major glycoprotein (gp135) is located in the envelope of the virion (11, 12, 23 ). An RNAdependent DNA polymerase, encoded by the viral genome and found in the viral particles, is composed of two subunits with an estimated molecular weight of 70,000 (16, 17) . The genes which code for these three groups of proteins (i.e., the non-glycosylated core proteins, the envelope glycoproteins, and the reverse transcriptase) and which occur in all of the retroviruses, have been designated gag, env, and pol, respectively (2) .
Three classes of viral mRNAs have been identified previously in sheep choroid plexus (SCP) cells infected by visna virus. One is of genome size (36S), and the two smaller species are 27S and 21S (10) . However, data obtained recently by hybridization blot techniques have suggested that additional mRNAs are present in infected cells (lOa).
To determine which proteins are translated from these RNAs, we started a study of viral protein expression in infected SCP cells. Virusspecific proteins were detected by immunoprecipitation of pulse-chase-labeled cell lysates with monospecific sera raised against two core proteins (p30 and p16) and the major envelope glycoprotein of the virus (gp135).
In this paper, we demonstrate that intracellular production of the visna virus structural pro-VISNA VIRUS PROTEIN BIOSYNTHESIS 1047 teins involves the synthesis and processing of several precursor polypeptides, as it does in the other retroviruses. A non-glycosylated precursor (Pr559aB) gives rise to the major internal structural proteins. Another non-glycosylated polypeptide of 150,000 daltons is probably the precursor common to the gag-related proteins and the reverse transcriptase (PrlO5QagPpo). Finally, a large, 150,000-dalton glycosylated polypeptide (gPrl50env) is the precursor to the envelope glycoprotein (gp135).
MATERLALS AND METHODS
Virus and ceUls. Visna virus strain K1514 was used throughout this work. SCP cells were grown in Eagle minimal essential medium containing 2% newborn calf serum, 8% lamb serum, and antibiotics, as previously described (10) . When the cells were going to be infected, the growth medium was removed and replaced by Eagle minimal essential medium containing only 2% lamb serum since calf serum has been shown to inhibit visna virus infection (26) .
Virion and cell labeling. Visna virus strain K1514 was metabolically labeled with 100 ,uCi of [35S]methionine (600 Ci/mmol; Radiochemical Centre, Amersham, England) per ml in methionine-free Eagle minimal essential medium containing 2% lamb serum and antibiotics for 16 h at 37°C. The virus was purified from the tissue culture fluid by rate and density sucrose gradient centrifugation, as described previously (28).
[35S]methionine labeling of the infected SCP cells used to isolate intracellular virus-specific proteins was similar to the labeling described above, except that the cells were labeled for shorter periods of time. For the pulse experiments, the labeling time was 40 min. For the chase periods, complete Eagle minimal essential medium containing 2% lamb serum was added to the pulse-labeled cells for varying times (see below). To label the carbohydrate moieties of the glycoproteins, 20 ,uCi of D-[14C]glucosamine (22.6 mCi/mmol; Radiochemical Centre) per ml was added for 1 or 16 h to a culture grown in glucose-free medium containing 2% lamb serum. Cells pulse-labeled for 1 h were chased by adding complete medium. To inhibit the glycosylation of the glycoproteins, infected cells grown in glucosefree and amino acid-free medium containing 2% lamb serum were treated with 15 mM 2-deoxy-D-glucose for 2 h. After the medium was removed, the cells were pulse-labeled with [3H]leucine (20 Ci/mmol; Radiochemical Centre) in the same medium containing 15 mM 2 deoxy-D-glucose; 2-h chases were performed in complete medium with or without the glycosylation inhibitor.
Antisera. To raise antiserum against whole virions, visna virus strain K1514 or K796 was purified as described previously (28) . A 100-,ug amount of purified visna virus was suspended in 1 ml of saline (0.13 M NaCl, 7.5 mM MgCl2, 5 mM KCl), heat denaturated, mixed with an equal volume of Freund complete adjuvant, and injected subcutaneously into the back of a female albino white rabbit. Two additional subcutaneous booster injections of 200 ,ug of heat-denatured virus were administered into the back of the rabbit at 2-week intervals, and serum was collected by cardiac puncture 7 to 10 days after each injection.
To raise monospecific sera against p30, p16, and gpl35 (strains K796 and K1514), viral proteins were purified on 6 to 18% polyacrylamide slab gel as described below. A 2-mg amount of purified virus was disrupted in 1 ml of the lysis buffer used for immunoprecipitation and diluted in 1 ml of sample buffer (see below). After heat denaturation viral proteins were separated on a preparative electrophoresis slab gel by using a 10-cm-wide well. Viral proteins were usually located by staining a 0.5-cm vertical band at both edges of the preparative gel with Coomassie blue. The bands of acrylamide containing the separated proteins were excised from the gel. Then these bands were crushed with a Dounce piston and, after suspension of the gel particles in 1 to 2 ml of saline, mixed with an equal volume of Freund complete adjuvant. Rabbits were injected as described above for the complete virus. (13) , which was then washed four times to remove unbound material. After washing, the adsorbed proteins were eluted from the bacteria in sample buffer (2% SDS, 5% P-mercaptoethanol, 10% glycerol, 0.125 M Tris-hydrochloride, pH 6.8, 0.001% bromophenol blue), and the bacteria were removed by centrifugation. The same procedure was used for labeled virus. SDS-polyacrylamide gel electrophoresis was performed in 10-or 20-cm gels which contained a 6 to 18% acrylamide gradient in the buffer system of Laemmli (14) . Radioactive polypeptides were detected by fluorography (15) .
Tryptic peptide mapping. Tryptic peptide mapping was performed as described previously (30) . Briefly, polypeptides to be mapped were located in the gel by autoradiography. The tories). The first dimension was an electrophoresis at 600 V for 100 min in an aqueous buffer containing 3% acetic acid and 2.5% pyridine (pH 4.5), and the second dimension was chromatography with buffer containing pyridine, water, acetic acid, and n-butanol (60:60: 15:75). Labeled peptides were detected by autoradiography with Kodak NS 54T film at room temperature.
RESULTS
Visna virion major proteins: size and composition. Before we started to study the intracellular viral proteins, we analyzed the [35S]methioninelabeled proteins of purified visna virions (strain K1514) on a 14% polyacrylamide slab gel to determine the protein compositions of the virions and the sizes of the major proteins (Fig. 1A) . As previously described (11, 12, 18) , about 20 polypeptides are packaged into the viral particles. However, among these 20 proteins, only the following 4 are considered major: the large envelope glycoprotein gpl35 and the three small internal proteins p30, p16, and p14. By electrophoresing these proteins in a continuous 14% polyacrylamide slab gel (Fig. 1A) , we obtained exactly the same sizes as other workers have found for these polypeptides (25) .
Among the 16 minor polypeptides, two large polypeptides with molecular weights of 97,000 (p97) and 80,000 (p80) were particularly visible in many analyses of the [35S]methionine-labeled proteins from purified visna virions. Figure 1B shows an example of such an analysis on a 6 to 18% polyacrylamide gradient slab gel. As previously suggested, these additional proteins could be either cellular proteins specifically packaged in the free viral particles or precursor polypeptides of viral structural proteins (18) .
To approach this question, we compared p97 and p80 with the four major viral proteins by using tryptic peptide mapping of 35S-labeled proteins. Figure 2 shows autoradiograms of the tryptic peptide maps. p30 contained five major peptides (peptides 1 to 5), p16 had two major peptides (peptides 6 and 7), and p14 had one peptide (peptide 8). Although in this experiment the p14-specific peptide was slightly present in the p16 map, we concluded that the three major internal proteins are unique entities. The same conclusion could be reached for the three large polypeptides gpl35, p97, and p80. The small number of peptides in the map of gpl35 compared with the number in the map of p30 was artificially emphasized by the fact that the map of p30 was overexposed and revealed many weakly labeled peptides. However, another possible explanation is that gpl3S contains a small number of methionine residues and thus a small number of labeled peptides. Relative to p97 and p80, the peptide maps suggest that these polypeptides are not high-molecular-weight precursors to the envelope or internal proteins; rather, [35S]methionine-labeled proteins of purified visna virus were dissociated with lysis buffer, diluted with an equal volume of sample buffer, and heat denatured. The dissociated proteins were electrophoresed in an SDS-14% polyacrylamide gel (A) or in an SDS-6 to 18% polyacrylamide gel (B). After electrophoresis the gels were fixed and treated for fluorography as described in the text.
they are either precursors to other viral proteins or cellular proteins packaged into the virions.
Intracellular viral polypeptides related to the major structural proteins of visna virus. To identify the virus-specific polypeptides related to the major structural proteins of visna virus, a series of pulse-chase experiments were performed with infected SCP cells. Extracts of SCP cells labeled with [35S]methionine for 5 h were immunoprecipitated with appropriate sera and analyzed on polyacrylamide slab gels. When these extracts were precipitated with monospecific anti-p30 sera, several polypeptides with molecular weights of more than 30,000 were observed, in addition to mature p30. These gag-related polypeptides had apparent molecular weights of 35,000 (P35), 50,000 (P50), 55,000 (P55), and 150,000 (P150). Polypeptide P150 migrated as a doublet containing a major form and a minor form (Fig. 3, lanes B and C) . The proteins present in the molecular weight range of 80,000 were probably cellular since they were also present with control normal sheep serum (Fig. 3,  lane F) . Immunoprecipitation of the extracts with anti-p16 serum showed the presence of P50, P55, and P150 (only the major form), in addition to p16 (Fig. 3, lane D) ; P35 was not present. [35S]methionine-labeled protein bands were excised from gels as described in the legend to Fig. 1 , and the proteins were eluted, precipitated with carrier protein, oxidized with performic acid, and digested with tolylsulfonyl phenylalanyl chloromethyl ketone-treated trypsin. The resulting peptides were separated on thin-layer cellulose plates by electrophoresis at pH 4.5 in the first dimension and chromatography in n-butanol-water-pyridine-acetic acid in the second dimension. The [35S]methionine labeled peptides were visualized by autoradiography. The resulting viral protein fingerprints are shown for p30 (A), p16 (B), p14 (C), gp135 (D), p97 (E), and p80 (F). The major peptides of p30, p16, and p14 are numbered.
peptides that appeared on the fluorogram as a smear in the molecular weight range of mature gp135. The relationship of these minor polypeptides to gp135 and the major 150,000-dalton polypeptide is discussed below.
gag-related precursor polypeptides: processing and composition. To determine whether precursor-product relationships exist among the gagrelated polypeptides, pulse-chase experiments were performed. Visna virus-infected SCP cells labeled with [35S]methionine for 40 min were chased for 1, 3, and 5h, and their cell lysates were immunoprecipitated with anti-p30 serum. Figure 4 , lane E, shows the presence of the p30-related polypeptides P150, P55, P50, and P35 in addition to mature p30 after 40 min of pulselabeling. During the chase (Fig. 4, lanes F to H) , the concentrations of the higher-molecularweight polypeptides decreased, particularly the concentration of P150. After a 1-h chase, only the upper form of the P150 doublet was visible (lane F). In contrast, p30 occurred at nearly the same level throughout the chase period. An explanation for this constant level of p30 during the chase period may be that the rate of export of p30 outside the cells is equal to the rate of production from the precursor P55 through the intermediates P50 and P35. The same results were obtained when anti-p16 serum was used, except that P35 was not detected, implying that P35 does not contain p16 (data not shown). These pulse-chase experiments demonstrated that mature internal viral proteins p30 and p16 are found inside cells as precursor polypeptides, the largest of which has a molecular weight of 150,000. This polypeptide, which is large enough to contain the three major internal proteins plus the reverse transcriptase (molecular weight, 70,000 [20] ), probably corresponds to the large precursor of the RNA-dependent DNA polymerase found in all of the retroviruses.
The major polypeptide precursor to core proteins p30 and p16 has a molecular weight of 55,000. To determine whether P55 contains p14 as well as p30 and p16, we compared the (Fig. 4) .
After a short labeling period (40 min), the im--3 5g ag munoprecipitated polypeptides migrated as a doublet in the molecular weight range of 150,000 (Fig. 4, lane I) . In contrast, only the upper band of the doublet was detected after a long labeling period (Fig. 3, lane E SB) with the map of the mixed virion p30-p16-p14 preparation (Fig. SD) showed that P55 contains four peptides of p30 (peptides 1 to 4), both peptides 6 and 7 of p16, and unique peptide 8 of p14. The presence of an additional peptide in the peptide maps of the p30 found in both infected cells and virions ( ._,.. sors decreased with the chase periods, without giving raise to a large amount of gp135. The absence of a distinct gp135 band after chase periods suggested that the gp135 molecules are exported to the extracellular fluid at a higher rate than they are produced. Because the extracts of pulse-chase-labeled cells did not contain high concentrations of eventual mature glycoproteins as gp135, we were not able to determine whether a small protein related to env and linked to mature gp135 by disulfide bonds as the piSE protein of murine leukemia viruses (27) was derived from the large precursor. Therefore, we labeled cells for 24 h with [35S]methionine to increase the concentrations of labeled proteins in the cell extracts 10 to 20 times. Figure 6 shows that highly labeled cell extracts contained polypeptides in the molecular weight ranges of 150,000 and 135,000 but not small proteins in the molecular weight range of 15,000 (Fig. 6 , lanes A through C; lanes A and B show the proteins precipitated by normal serum and anti-p30 serum, respectively). However, two polypeptides with molecular weights 85,000 and 50,000 were detected with anti-gp135 serum; these molecules were probably degradation products of the large env-related polypeptides. Because these proteins were present at low concentrations during viral replication in cell extracts and in mature virions (Fig. 1) , we suggest that they represent degradation products of mature proteins which are not necessary to the replication cycle.
These experiments were not conclusive with (Fig. 4) or [3H]leucine labeling (data not shown), P150"" was almost undetectable after the 40-min pulse (Fig. 7, lane A) , but appeared to be more labeled after the chase periods of 1 and 4 h (Fig. 7, lanes B and C) . This slow incorporation of [14C]glucosamine into the env-related polypeptides was expected since the processing that this compound requires to be incorporated is more complex and less efficient than the processing of the amino acid isotopes. After 16 h of labeling, P150"ev was strongly r envelope glycoprotein of labeled, and polypeptides in the molecular iP ctlls in5fmete.dbyAvisna weight range of 135,000 were also visible (Fig. 6 , (Fig. 7, lanes E to G) . The proteins larger than proteins.
gp135 present in Fig. 7 , lane H, were not env- related precursor molecules since they were also precipitated by normal sheep serum (data not shown). By contrast, gp135 was clearly present after a long labeling period (Fig. 7, lane H) . Glycosylated P150 was the precursor to the major envelope glycoprotein gp135 and was designated gPrl5Oenv. A similar experiment with anti-p30 serum revealed neither Pr55gag nor Pr15V'9-P'1. Moreover, no new gag-related precursors were detected (data not shown). Consequently, in visna virus infections, only the envrelated proteins appear to be glycosylated. Unglycosylated form of gPrl5Oe"v. Because glycosylation of polypeptide chains raises their molecular weights, we determined the size of the unglycosylated polypeptide chain of gPrl5Oenv. Visna virus-infected SCP cells were preincubated with 15 mM 2 deoxy-D-glucose to block glycosylation of the envelope-related polypeptides (8, 24) and labeled with [3H]leucine for 1 h. env-related proteins were immunoprecipitated from lysates with anti-gp135 serum. As a control, cells were also labeled without 2-deoxyglucose treatment (Fig. 8) . tide which migrated faster was visible (Fig. 8,  lane B) . In fact, this 105,000-dalton protein was heterogeneous and contained two bands. During a 2-h chase in the presence of the drug (Fig. 8 , lane C) and more clearly in the absence of the inhibitor (lane D), the modified polypeptides had slightly lower electrophoretic mobilities. This suggests that glycosylation was still occurring at a low rate. Thus, we cannot exclude the possibility that the 105,000-dalton polypeptides were still partially glycosylated. This conclusion seems to be strengthened by the fact that a very faint band was visible on the X-ray film (but not on the reproduction shown in Fig. 8 ) in the area of the gel bounded by the virion markers p97 and p80. The polypeptide with a molecular weight of about 50,000 present in Fig. 8, lanes A and B, was probably a nonviral protein since it was precipitated as well with control normal sheep serum (Fig. 8, lane E) .
Similar experiments were performed to determine the glycosylation of the gag-related polypeptides. Figure 9 , lane F, shows that the gagrelated polypeptides synthesized in presence of 2-deoxyglucose were not modified in their electrophoretic mobilities or in their levels of synthesis compared with those produced in absence of inhibitor (lane E); this was particularly true for PrlS5garPol and Pr55rag. Figure 9 , lane J, shows the modified env-related polypeptides described above. Moreover, the absence of 150,000-dalton polypeptides among these modified env polypeptides demonstrates clearly that the two kinds of precursors (Pr15O9'9-P'1 and PrlSOenv) are unrelated and that our sera were monospecific.
The 2-deoxyglucose experiment indicated that many env-related polypeptide intermediates could be present during the pulse experiment, from the unglycosylated precursor of about 100,000 daltons to the glycosylated precursor of 150,000 daltons. The diffuse bands of polypeptides observed during the pulse-chase experiments (Fig. 3, 4 , 6, 7, and 9) could be interpretated either as partially glycosylated intermediates to the gPrlSOenv or as intermediates processed from the precursor stage represented by gPrlSoenv to the mature stage represented by envelope glycoprotein gp135 of the virion. Moreover, it is likely that a small number of mature gp135 molecules are also present in the cytoplasm of the cells, since the env-related precursors are probably processed intracellularly. DISCUSSION Visna virions contain the following four major structural proteins: one large 135,000-dalton glycoprotein and three internal proteins (p30, p16, and p14). By analogy with the genetic organizations of other retroviruses (2), the only glycoprotein of the viral envelope (gp135) is encoded by the env gene, and the three major internal structural proteins are encoded by the gag gene. Immunoprecipitation and peptide mapping techniques showed that all four proteins are unique, without any overlap in amino acid sequence. pol, the third replicating gene of visna virus, codes for the reverse transcriptase. Previously, visna virus reverse transcriptase monomers were shown to have an average molecular weight of 70,000 (17) . Besides these four structural proteins and the reverse transcriptase, we and others (11, 12, 18) have shown that additional polypeptides are present in the virions. Several of these molecules could be polypeptide intermediates related to the structural proteins. For example, a virion 35,000-daltons polypeptide seems to correspond exactly in electrophoretic mobility to the intracellular gag-related intermediate P35gag. By contrast, a comparison of the peptides maps of p97 and p80 with the maps of the major structural virion proteins indicated that these two large polypeptides are not gag or env related. They either are related to the reverse transcriptase gene, are related to another viral gene still unknown, or originated from the cell genome and are packaged specifically in viral particles. Further analyses will be necessary to distinguish among these possibilities.
gag-related precursor polypeptides were characterized by pulse-chase labeling and immunoprecipitation techniques. A large 150,000-dalton polypeptide was detected. Based on analogy with other retroviruses, such a polypeptide is likely to represent the gag-pol precursor. It appeared after a pulse period of few hours as a doublet. Since the visna virus was plaque purified, this heterogeneity of size was not related to a heterogeneity of variants present in our stocks of viruses but rather to distinct precursor polypeptides.
The major precursor of the internal virion protein has a molecular weight of 55,000, which is relatively low compared with other mammalian retroviruses (1, 5, 20, 22, 27) . Since in many retroviruses the sum of the molecular weights of the gag-related mature proteins is very close to the sum of the molecular weights of the precursor polypeptides (3, 6, 19, 21) , we suggest that visna virus Pr55gag is a precursor to only the three mature proteins p30, p16, and p14. Pulsechase experiments showed that the mature internal virion proteins are present inside the cells. This suggests that cleavage and maturation of Pr55gag occur mainly intracellularly, in contrast to mouse mammary tumor virus and murine leukemia virus, in which cleavage is largely virion associated (5, 27) . This intracellular maturation of the internal virion proteins was confirmed by a polypeptide analysis of the intracellular ribonucleoprotein complexes (lOa). These ribonucleoprotein complexes, which are not contaminated by extracellular or budding virions, contain as a major gag-related species the mature p30 polypeptide.
We detected a glycosylated polypeptide precursor to gp135 which had a molecular weight of approximately 150,000. This molecule appeared after 1 h of pulse-labeling as a doublet. This heterogeneity most likely derived from distinct precursor polypeptides rather than from variants present in our stocks of viruses. Similarly, a doublet nature for env-related precursors has been described for Friend murine leukemia virus (9) .
Among retroviruses, the env-related precursor of visna virus is the largest env-related precursor which has been isolated. As we showed with 2-deoxyglucose inhibition of glycosylation, the molecular weight of the env-related 150,000-dalton precursor was overestimated by at least 45,000 since the unglycosylated form had a molecular weight of approximately 105,000. Although we found that glycosylation was not completely stopped by the inhibitor, we believe that the env-related unglycosylated precursor should have a molecular weight of approximate-ly 90,000 for two reasons. We observed a faint band at this molecular weight as the smallest protein made in our inhibition studies. Recent data on the molecular weights of the unglycosylated env-related polypeptides of retroviruses have shown that they have molecular weights not below 60% of their glycosylated sizes (7, 8) (i.e., 90,000 for visna virus).
The env-related precursor of visna virus matures into glycoprotein gp135. We obtained no evidence for a small protein analogous to pl5E of murine leukemia viruses. However, the failure to detect such a protein by direct immunoprecipitation experiments could reflect the absence of the correct antibody in the sera or a methionine deficiency in the protein.
The env-related precursor is not exported from the cells, which suggests that maturation is intracellular. However, gp135 was poorly represented in the cell extracts during the pulse-chase experiments (Fig. 3, 4 , 6, 7, and 9). The low level of gp135 could be explained by a rate of synthesis lower than the rate of export of the extracellular fluid. Additional experiments will be necessary to elucidate viral envelope synthesis, particularly at the level of intracellular ribonucleoprotein particles, where the env-related precursors are still preponderant (1Oa).
The present data on protein synthesis indicate that the visna virus genome codes for two gagrelated precursors and one env-related precursor of the major structural proteins of virions (i.e., (Pr55a, pPr15gag-Po, and gPrl5oenv). We are now investigating the expression of the viral genome and its organization by analyzing the in vitro translation products of genomic and viral mRNAs.
